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Abstract. We compute the strong coupling constants for * 1sD DK
 
and * 1sB BK  vertices within 
the QCD sum rules. The coupling constants are calculated for both ( )D B
 
and 1K  off-shell 
mesons.  
1.  Introduction 
The strong coupling constants among particles play an important role in providing knowledge of their 
strong interactions. These couplings take place in low energies, so to calculate them, we cannot apply 
the perturbation theory. In this study, we use the QCD sum rules approach [1] as one of the most 
powerful and applicable tools to calculate these coupling constants. 
2.  QCD Sum Rules for Ds*DK1 (Bs*BK1) Coupling Constants 
To compute the *
1sD DK
g
 
and *
1sB BK
g  coupling form factors for the * 1sD DK  
*
1( )sB BK  vertices, we start 
with the following three-point correlation function for the ( )D B  off-shell state: 
                                
( )* *1 ( )†( ) 2 4 4 . . ( )( ) ( )0 ( ) ( ) (0) 0s sD BKD B ip x iq y D Bi d x d y e e T j x j y j′′ ′Π = ∫µν νν ν νν µ                         (2.1) 
Here T
 
is the time ordering product, p′  and q
 
are the momenta of the final on-shell state and the off-
shell state, respectively. The momentum of the initial state is defined as p p q′= + . Here, we should 
mention that the axial 1K
 
meson couples into two interpolating currents 1 5( ) ( ) ( )Kj x s x u xν νγ γ=
 
and 
1
5( ) ( ) ( )Kj x s x u x′ ′=νν ννσ γ . The two remaining interpolating currents are given as ( ) 5( ) ( ) ( )( )D Bj x u x c b xγ=
 
and 
* *( ) ( ) ( )( )s sD Bj s x c b xµ µγ= . The three-point correlation function can be calculated in two different 
ways, namely QCD and physical sides [1]. The correlation function in QCD side is written as the sum 
of the perturbative and non-perturbative parts. The perturbative part is written in terms of double 
dispersion integral as: 
                                  
.
2
( )
( ) 2 2 2
( , , )1
subtraction terms
4 ( )( )
pert
s s q
ds ds
s p s p
µν νν
µν νν
ρ
pi
′
′
′
′Π = − +
′ ′
− −
∫ ∫                          (2.2)
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here ( )′µν ννρ
 
is spectral density. We calculate the bare loop diagram to get the spectral density and 
quark-quark and quark-gluon condensate diagrams to obtain the non-perturbative contributions [2]. As 
a result, we obtain: 
    
( )
( )
( ) 2 2 3 2 2
1 0 ( ) ( )
2 2
( )
2 2
( )
( , , ) 2 ( , , ) 2 2 2 ( ) ( ) 4 ( )
2 ( ) ( 3 )
2 ( ) ( 3 ) ,
D B
c s s u c b s s u s c b u
u c b s
c b u s
s s q N I s s q m m m m m m m m s s q A m m
B m s m q s s m q s s
C m s m q s s m q s s
′ ′ ′= − + − + + + − + −
′ ′+ + − − + − + +
′ ′ ′+ − + − + + + − + + 
ρ
 
         
( )
( ) 2 2 2 2
2 0 ( )
2
( )
( , , ) 4 ( , , ) 2 ( ) ( 2 ) ( )
( ) ( ) ,
D B
c c b s s
c b s u s s u
s s q N I s s q A m m m B G s H q s s
C m m m m m m q s s
′ ′ ′= + − − + + − −
′+ + − + + − − 
ρ
                         (2.3) 
where 
c
N =3 is the colour number and 
2 2 2 2 2 22
( ) ( ) ( ) ( )( ) 0
1 2 2 2 2
22 1 1 1 1
,
24 2 2
c b c b u c b c bD B
nonpert
m q m q q m m mm
ss
r r rr r r rr rr r r
  − − + −
Π = − + + + + + − −    ′ ′ ′ ′ ′ ′   
                      
2
( ) 0 ( )( )
2 2 ,24
c b c bD B
nonpert
m m m
ss
rr rr
 
Π = − − 
′ ′  
                                                                                         (2.4)
 
Here ( )
2 2
b cr p m= −  and 
2 2
ur p m′ ′= − . In the above equations, ( )( )1 1D BnonpertΠρ  and ( )( )2 2D BnonpertΠρ  
correspond to the currents 1Kjν  and 1Kj ′νν , respectively. The explicit expressions for 20( , , )I s s q′ , 
A, B, C, G and H  are presented in [2]. In order to calculate the physical side of the correlation 
function, for off-shell D(B) case, complete sets of intermediate states are inserted to the 
aforementioned correlation function. As a result, we get: 
( ) ( ) ( )
( )
* *
1
* *
1
1
1
( )( ) * * * *
1 1( )
2 22 2 2 2
( ) ( )
* *
1 1
2 2
0 ( )( ) ( )( , ) 0 0 ( , ) ( , ) ( )( ) ( )( , )
0 ( , ) ( , ) ( )( ) ( )( , )
...,
s s
a
s s
b
D B KD B a a
s s s sD B
D B KD B
K b b
s s
K
j D B q D B p j j K p K p D B q D B p
p mq m p m
j K p K p D B q D B p
p m

′ ′ ′ ′
Π =
 ′
−− −


′ ′ ′ ′
+ +
′ −

µ ν
µν
ν
ε ε ε ε
ε ε ε
( ) ( ) ( )
( )
* *
1
* *
1
1
1
( )( ) * * * *
1 1( )
2 22 2 2 2
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1 1
2 2
0 ( )( ) ( )( , ) 0 0 ( , ) ( , ) ( )( ) ( )( , )
0 ( , ) ( , ) ( )( ) ( )( , )
...,
s s
a
s s
b
D B KD B a a
s s s sD B
D B KD B
K b b
s s
K
j D B q D B p j j K p K p D B q D B p
p mq m p m
j K p K p D B q D B p
p m
′
′
′

′ ′ ′ ′
Π =
 ′
−− −


′ ′ ′ ′
+ +
′ −

µ νν
µνν
νν
ε ε ε ε
ε ε ε
 
Here ε
 
and ε ′
 
are the polarization vectors associated with *sD
 
and ( )1
a bK
 
states, respectively. Here, 
the 1
aK  and 1
bK  are basic states that we construct the physical 1(1270)K
 
and 1(1400)K
 
states in terms 
of these states. We also consider the mixture between the 1(1270)K
 
and 1(1400)K
 
axial mesons  
(for details see [2]). After defining the above matrix elements presented in [2] and summing over the 
polarization vectors, the final physical representation of the correlation functions are obtain as: 
                   
( ) ( )
( )( )
1
1 1 1 1
* * * *
1 1 1 1
1 1
* * * *
* *
* *
,
0( ) ( ) 2 ( ) 2
( ) ( )2 2 2 2
2
( ) ( )
( ) ( )
( ) 2
( )2 2 2 2
( ) ( )
( ) ( )
other structure
b
a a b b
a a b b
s s s s
a b
s s s s
s s
s s
K
K K K KD B D B D B
D DK B BK D DK B BK
K K
D B D B
D B D B
c b u
D B
D B D B
m f m f a
g q g q
p m p m
f m f m
m m
m g
q m p m
µν
µν
⊥
 
 Π = +
 
′ ′ − −
 
+
× +
− −

{ }s ...,+
 
(2.5) 
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 
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 
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+
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− −
{ }ructures ....+
                    (2.6) 
where the 
1
aK
f , 
1
bK
f ⊥ , ( )D Bf  and * *( )s sD Bf  are decay constants, The 1
a
,K
0a
⊥
 and 1
b
,K
0a

 are zeroth order 
Gegenbauer moments. In order to compute the coupling constants, we choose the structures gµν
 
and 
g pµν ν ′′
 
from both sides of the correlation function. Equating the physical and QCD sides of the 
correlation function we get the QCD sum rules for the considered strong coupling constants form 
factors. To suppress contributions of the higher states and continuum, we apply double Borel 
transformation as well as continuum subtraction. These processes bring two Borel parameters and two 
continuum thresholds which we find their working regions [2]. Similarly, one can get the sum rules for 
coupling form factors when the 1K  meson is as the off-shell state. 
 
3.  Numerical Analysis  
Having determined the QCD sum rules for the coupling constants, it is time to look at how the 
coupling constants behave in terms of 2Q  where 2 2Q q= − (see [2] for details). Using the working 
region of the auxiliary parameters as well as other input parameters, we find the coupling form factors 
in terms of  2Q  as presented in [2]. The coupling constants are the values of the coupling form factors 
at 2 2off shellQ m −= − . Finally, we obtain the results as presented in Tables 1 and 2. The final result for 
each vertex is obtained taking the average of the two corresponding off-shell states. 
 
Table 1. Values of the *
1(1270)sD DK
g
 
and *
1(1400)sD DK
g
 
coupling constants in 1GeV − unit. 
                                                
2 2
DQ m= −
     
1
2 2
(1270)KQ m= −
    
 
                     
*
1(1270)sD DK
g
              
2.83 0.09±
     
1.36 0.14±
          
2.09 0.82±  
                                               
2 2
DQ m= −
      
1
2 2
(1400)KQ m= −
    
 
    
                 
*
1(1400)sD DK
g
              
0.97 0.15±
    
1.12 0.54±
           
1.04 0.78±  
 
Table 2. Values of the *
1(1270)sB BK
g
 
and *
1(1400)sB BK
g
 
coupling constants in 1GeV − unit. 
                                                 
2 2
BQ m= −
     
1
2 2
(1270)KQ m= −
    
 
                     
*
1(1270)sB BK
g
               
1.18 0.07±
     
0.81 0.45±
          
1.99 0.11±  
                                                 
2 2
BQ m= −
     
1
2 2
(1400)KQ m= −
    
 
                     
*
1(1400)sB BK
g
              
0.35 0.05±
       
0.26 0.04±
           
0.30 0.05±
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